Impact of a nudging intervention and factors associated with vegetable dish choice among European adolescents. by Dos Santos, Q. et al.
1 
Title: Impact of a nudging intervention and factors associated with vegetable-dish choice among 1 
European adolescents (Accepted in European Journal of Nutrition in January, 2019) 2 
Concise title: Choice of a vegetable-based dish among European adolescents  3 
 4 
Quenia dos Santos1*, Federico JA Perez-Cueto1,Vanessa Mello Rodrigues2, Katherine Appleton3, Agnes 5 
Giboreau4, Laure Saulais4, Erminio Monteleone5, Caterina Dinnella5, Margarita Brugarolas6, Heather 6 
Hartwell2  7 
 8 
1 Department of Food Science, Faculty of Science, University of Copenhagen, Rolighedsvej 30, DK-1958 9 
Frederiksberg C, Denmark.  10 
2 Bournemouth University, Foodservice and Applied Nutrition Research Group & Health and Wellbeing, 11 
Faculty of Management, BH12 5BB, United Kingdom. 12 
3 Bournemouth University, Department of Psychology, Faculty of Science and Technology, Poole House, 13 
Fern Barrow, Poole BH12 5BB, United Kingdom. 14 
4 Centre de Recherche de l’Institut Paul Bocuse, Château du Vivier, BP 25 - 69131 Écully Cedex, France 15 
5 Università degli Studi di Firenze, Dipartimento di Gestione dei Sistemi Agrari, Alimentari e Forestali, Via 16 
Donizetti 6, 50144 Firenze, Italy 17 
6 Miguel Hernández University, Agroenvironmental Economy Department, Ctra. Beniel, km. 3,2 Orihuela - 18 
Alicante- Spain  19 
 20 
* Corresponding author: 21 
 Quenia dos Santos: E-mail address: quenia1104@gmail.com – Mobile phone number: +45 3156-3039  22 
 23 
2 
Impact of a nudging intervention and factors associated with vegetable-dish choice among 24 
European adolescents. 25 
ABSTRACT  26 
Purpose: To test the impact of a nudge strategy (dish of the day strategy) and the factors associated with 27 
vegetable-dish choice, upon food selection by European adolescents in a real foodservice setting. 28 
Methods: A cross-sectional quasi-experimental study was implemented in restaurants in four European 29 
countries: Denmark, France, Italy and United Kingdom. In total, 360 individuals aged 12-19 years were 30 
allocated into control or intervention groups, and asked to select from meat-based, fish-based, or vegetable-31 
based meals. All three dishes were identically presented in appearance (balls with similar size and weigh) and 32 
with the same sauce (tomato sauce) and side dishes (pasta and salad).   In the intervention condition, the 33 
vegetable-based option was presented as the “dish of the day” and numbers of dishes chosen by each group 34 
were compared using the Pearson chi-square test. Multivariate logistic regression analysis was run to assess 35 
associations between choice of vegetable-based dish and its potential associated factors (adherence to 36 
Mediterranean diet, food neophobia, attitudes towards nudging for vegetables, food choice questionnaire, 37 
human values scale, social norms and self-estimated health, country, gender and belonging to control or 38 
intervention groups).  All analyses were run in SPSS 22.0. 39 
Results: The nudging strategy (dish of the day) did not show a difference on the choice of the vegetable-based 40 
option among adolescents tested. However, natural dimension of food choice questionnaire, social norms and 41 
attitudes towards vegetables nudging were all positively associated with the choice of the vegetable-based 42 
dish. Being male was negatively associated with choosing the vegetable-based dish. 43 
Conclusions: The “dish of the day” strategy did not work under the study conditions.  Choice of the vegetable-44 
based dish was predicted by natural dimension, social norms, gender and attitudes towards vegetables nudging. 45 
An understanding of factors related to choosing vegetable-based offers an important tool for the development 46 
and implementation of public policy interventions aiming to increase the consumption of vegetables among 47 
adolescents. 48 
 49 
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INTRODUCTION 51 
Consuming a healthy diet throughout one’s life helps prevent malnutrition as well as a range of non-52 
communicable diseases (NCD). However, increased production of processed food, urbanization and lifestyle 53 
changes have led to a global shift in dietary patterns. People are consuming more foods high in energy, fats, 54 
sugars and salt, and many do not eat enough fruit, vegetables or whole grains [1]. In Europe, school-aged 55 
adolescents are the age group with the lowest intake of fruits and vegetables compared to the World Health 56 
Organization guidelines [2]. This is of concern from a public health nutrition perspective, as food habits 57 
consolidated at this age tend to endure later in life [3].  58 
Research evidence increasingly suggests that vegetables and fruits may provide greater benefits because 59 
of their high content of protein (such as beans and peas) and fibre, and low dietary sugar (especially green 60 
leafy vegetables) [4]. Despite this there have been several studies of psychosocial, environmental and life 61 
course factors influencing fruit consumption, but very few on the consumption of vegetables separately (or 62 
vegetable-based dishes), making this a significantly under-researched area. Moreover, interventions aiming to 63 
increase the intake of vegetables as a separate and distinct food group have tended to focus on younger children, 64 
while such interventions have not been undertaken with adolescents [5]. Adolescence is a period of rapid 65 
physical, cognitive and social development, where considerable changes may occur in eating practices and 66 
dietary intake [6]. Such studies that have occurred in this group identify barriers to vegetable consumption 67 
similar to those in younger children [7] such as individual preference, perceptions of taste and appearance, and 68 
environmental factors [8], but also identify the increased importance of cognitive factors [9].  69 
Consumer behaviour is highly complex with regard to food, since there are many internal and external 70 
influences on perception, attitude and action. Product attributes, individual characteristics of the consumer and 71 
the eating environment all play a key role in food-related decisions. Dietary habits rely on food choices based 72 
on two mental processes: one that requires very little active decision-making, and another where choice options 73 
are carefully considered. Dual process theories describe these respectively as automatic/heuristic and 74 
reflective/systematic processing of the information available in choice situations. Choice architecture or 75 
“nudging” aims to influence decisions by managing the way options are presented in choosing situations [10]. 76 
It seeks to alter people’s behaviour in a predictable way without forbidding any options or significantly 77 
changing their economic incentives [11]. Within public health nutrition, this could mean altering the 78 
environment in foodservice provision by judicious product placement or labelling, for example.  79 
Foodservice providers can play a potential role in facilitating healthy choices [12]. In addition, the 80 
potential of nudging interventions on the promotion of healthy foods has begun to attract public health sector 81 
attention, particularly when the aim is to make the healthier choices the easier ones [13]. A review that 82 
investigated the effect of positional changes of food placement on food choice has identified that manipulation 83 
of food product order or proximity can influence participants towards a healthier food choice [14]. A study in 84 
Denmark found that a choice architecture approach could increase intake of healthy items and decrease 85 
4 
consumption of other meal components among male university students through combining the order of 86 
placement in a buffet and separating the fruits and vegetables [15]. Moreover, a recent meta-analysis has shown 87 
that nudging interventions that aim to increase fruit and vegetable choice generally have a moderately 88 
significant effect, the largest effects being from altering placement and from combined nudges [16].  89 
None of these studies, however, investigated the effects of nudging on vegetable consumption using the 90 
dish of the day strategy specifically for adolescents, making this experiment unique. The dish of the day 91 
strategy consists in naming the target dish (in this case, the vegetable-based dish) as “dish of the day” to check 92 
if this will affect the dish orders compared to a situation where this strategy is not used. Furthermore, a review 93 
of the literature demonstrates that no study has investigated the attitudes towards choice architectural nudge 94 
interventions as a potential factor for increased vegetable consumption, or was conducted in a real-life food 95 
service situation [17]. Additionally, there is a paucity of data on customers’ choice of vegetable-based dishes, 96 
especially in a foodservice situation. Finally, in recent years, there has been a shift away from encouraging 97 
individual behaviour change to an approach that addresses wider, population-level factors [18], which could 98 
be achieved through nudging. Changing the overall choice environment can contribute to changing behaviour 99 
more sustainably. 100 
Based on literature, it seemed plausible that using the concept of “dish of the day” as a nudge could 101 
work. A previous experiment conducted at a self-service buffet located in a University, aimed to investigate 102 
the efficiency of three nudge strategies (priming, default and perceived variety) in relation to the intake of 103 
vegetables [19]. It was found that the default nudging strategy (in which 200g of a pre-portioned salad was 104 
offered) successfully increased the energy intake from vegetables among participants. Another study within 105 
the catering sector [20] suggested the use of strategies for promoting healthy eating such as the use of “dish of 106 
the day” or “chef´s recommendation”.  107 
The objective of the present study was to investigate whether a nudge strategy (i.e. “dish of the day”) 108 
would influence European adolescents to select a vegetable-based dish over fish and meat-based options when 109 
they are choosing a meal in a real foodservice setting, and how potential factors are associated with their 110 
selections.   111 
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METHODS 112 
The study reported here forms part of a wider European study the VeggiEAT project 113 
(https://microsites.bournemouth.ac.uk/veggieat/) that aims to develop a platform for predictive 114 
modelling of processed vegetable intake that takes into account individual characteristics 115 
(acceptability, intake level, age groups) as well as environmental cues (choice architecture and 116 
institutional setting). 117 
 118 
Study Design 119 
This was a cross-sectional quasi- experimental study which sought to test whether a nudge 120 
strategy (i.e. “dish of the day strategy”) would influence adolescents to select a vegetable-based dish 121 
when this dish was described as dish of the day (intervention group) compared to the control group 122 
(where this strategy was not used). The experiments were held in a real foodservice setting (except one data 123 
collection in Denmark that was held in a setting assembling a real foodservice), and in addition to the nudging 124 
strategy investigated the potential determinants of vegetable-based dish choice. It was a quasi- experimental 125 
study because it involved selecting groups, upon which a variable was tested (choice of the dish), 126 
without any random pre-selection processes of the groups. The intervention and control groups were 127 
chosen from institutions that collaborated previously with the researchers involved in the study.  128 
The experiment was implemented in four operating restaurants in four countries – Denmark (DK), 129 
France (FR), Italy (IT) and United Kingdom (UK), where the food was served exactly as it would be in the 130 
normal operation. In Denmark, there was one more data collection held in a room assembled as an operation 131 
restaurant.  In order to manage expectations of subjects in the experiment, participants were invited for a free 132 
meal, but were not informed of the overall purpose of the study. 133 
 134 
Sample size calculation for detecting differences in the choice of the dish 135 
The minimum feasible sample size was calculated on the basis of a pilot test previously conducted at 136 
the Institute Paul Bocuse (IPB), France, in November 2015, and the variable used was choice of the vegetable-137 
dish (quantity). This showed that a minimum of 88 individuals (44 individuals for the control and 44 for the 138 
intervention) were needed in each country, based on 80% power and a significance level of 5%. 139 
 140 
Participants 141 
 Individuals between 12 and 19 years old were recruited from January to April 2017, and each research 142 
centre employed the most effective methods to reach participants. In Denmark, invitation e-mails were sent to 143 
schools located in Copenhagen area with students between 12 to 17 years old, and three schools agreed to take 144 
part in the study. In France, e-mails were sent to an internal consumer database from a culinary school (Institut 145 
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Paul Bocuse), as well as advertisements were made online through their social networks. The meal was offered 146 
as an incentive to attract respondents. In Italy, the recruitment was realised in a secondary school in Firenze 147 
through school personnel. All students aged 14-16 years old were invited to participate. In the UK, adolescents 148 
were recruited at a college located in Bournemouth, using posters and personal invitations. The principal 149 
researcher visited classes with students aged 16-19 years to reinforce the invitation to participate. The 150 
researcher checked their eligibility (being an adolescent between 12 and 19 years old and not being 151 
allergic/intolerant to any of the meal ingredients) and emailed those who replied by e-mail or signed a 152 
registration form during the visits. Vegetarians or vegans should not be included in the study.  153 
 154 
Choice architecture experiment 155 
The nudging strategy was tested as follows. Participants were subdivided in each country into 156 
intervention and control groups, of equal size and approximately equivalent composition (percentage of males 157 
and females), since it is always an advantage to have balanced groups. This distribution in intervention and 158 
control groups was done according to what the researchers judged to be better, aiming to have intervention and 159 
control groups in separate days /times, thus people that will come in a given day/time would be all part of the 160 
same group (control or intervention). Therefore, each participant was not randomly distributed to either control 161 
or intervention, but instead, a group was distributed to control or intervention according to their availability to 162 
be present in the same day.    Members of the intervention groups were asked to choose between three meals, 163 
based respectively on Meat balls, Veggie balls and Fish cakes. All three dishes were labelled with their names, 164 
but the Veggie balls were presented as the “dish of the day”. The vegetable-based dish was both labelled as 165 
“dish of the day”, and orally informed by foodservice employees as being the “dish of the day” in all countries 166 
with the following phrase: “Welcome! Today we have Veggie balls as dish of the day” (verbal prompt).  167 
In the control situation, the three identical dishes to the intervention condition were just labelled with their 168 
names and no “dish of the day” was offered (Figure 1). All dishes were provided free of charge and were 169 
portioned and served by foodservice employees. During the experiment sessions, no other foods were available 170 
by the foodservice. Meat balls and fish cakes have already been served by the foodservice previously, but it 171 
was the first time they served the Veggie balls.   172 
Before participating in the experiment, each participant read and signed a consent form, and was 173 
provided with an identification number, which was also used to label their plate. Participants were asked to 174 
complete the first questionnaire with information on their age, gender, if they considered themselves 175 
vegetarian, and to self-rate their hunger with a 10-point hunger scale [21]. This scale varies from 1 to 10 (1 176 
being extremely hungry and 10 being extremely full). 177 
The dishes chosen by a participant were logged against participant identification numbers. After the 178 
meal, participants answered the second questionnaire containing questions regarding potential determinants of 179 
food choice, such as food neophobia and self-estimated health.  180 
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The Veggie ball recipe was previously designed and tested for operational purposes at Institut Paul 181 
Bocuse, as part of the wider VeggiEAT project. The Veggie ball was similar to a meatball in appearance (balls 182 
had similar size and weight) but the Veggie balls was made of vegetables (sweet corn, pea, red beans and 183 
chickpeas) instead of meat, baked in the oven on a greased baking sheet. The Meat balls and Fish cakes were 184 
made using the foodservice’s usual recipes, adjusted for portion size and participant numbers. In each country, 185 
the three options dishes were identically presented in appearance (balls with similar size and weight) served 186 
with the same side dishes (pasta and salad) and with the same sauce (tomato sauce). 187 
 188 
Data Collection  189 
Data collection in DK occurred on two occasions in February and April 2017. For one school, food was 190 
prepared and served at school cafeteria. For the other two schools, food was prepared at the Gastronomy 191 
laboratory and served at the Sensory Evaluation Room at the Copenhagen University, which was assembled 192 
as an operating restaurant, with tables, chairs, cutlery, plates and all the materials/equipment needed. All the 193 
three foods were displayed side by side in the same order (Figure 1). In France, the data collection occurred 194 
on 2 occasions in the Living Lab, in May 2017. Choices were made individually from a menu card delivered 195 
by a living lab employee (prior to seeing the dishes) that indicated the Veggie balls as “dish of the day” for the 196 
intervention group. This employee also said to the participants that the Veggie balls were the dish of the day 197 
(verbal prompt). The order of presentation of the dishes on the menu was randomized on each menu card to 198 
minimize ordering effects. In Italy, data collection occurred on one occasion, in May 2017, at the canteen 199 
annex to the school and it was done by the school personnel. The meal consisted of three dishes: first course 200 
(risotto with mushrooms), main dish (meat balls, fish cakes or Veggie balls served with green salad) and dessert 201 
(fruit tart). In the UK, data collection occurred on three separate sessions, two in January, and one in March 202 
2017, in two different time slots (12:00 and 13:10), at the College training canteen. Data collection for control 203 
and intervention groups always occurred in separate days.  204 
Data from the questionnaires were entered to computers using a standardised coding procedure. Ethical 205 
approval was obtained through the appropriate channels in all the VeggiEAT Project countries. Relevant health 206 
and safety issues, together with a risk assessment protocol, were addressed prior to the commencement of the 207 
research. Written informed consent was obtained from all participants. Confidentiality and anonymity were 208 
assured at all times. 209 
 210 
Definition of the variables 211 
As human behaviour is complex, vegetable intake has multiple determinants, from individual 212 
preferences, knowledge and beliefs, to elements of the family, social, economic and physical environments 213 
[5]. Based on the possible determinants of vegetable-based dish choice, the variables below were selected for 214 
this study: 215 
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 216 
Adherence to Mediterranean Diet  217 
Adherence to Mediterranean Diet was assessed through a 14-point Mediterranean Diet Adherence 218 
Screener (MEDAS) [22]. This scale consists of 12 questions on food consumption frequency and 2 questions 219 
on food intake habits considered characteristic of the Mediterranean diet. Each question is scored 0 or 1. The 220 
final Mediterranean adherence score ranged from 0 to 14.  221 
As Mediterranean diet (MD) is dietary pattern rich in vegetable-based foods [23] and an indicator of 222 
diet quality, it is expected that subjects with a higher adherence to Mediterranean diet are more prone to choose 223 
vegetable-based meals.  224 
 225 
Food Neophobia 226 
Food neophobia was evaluated through Food Neophobia scale [24]. This is a 10-point scale in which a 227 
high mean score, calculated by summing the individual item scores measured on a 7-point Likert scale (ranging 228 
from strongly disagree to strongly agree), represents high food neophobia, while a low score represents low 229 
food neophobia.  230 
The Veggie balls was a new dish and it was specifically developed for this experiment and the other 231 
options (meat balls and fish cake) were made using the foodservice’s usual recipes, thus it is expected that 232 
higher food neophobia could negatively influence the choice of the vegetable-based dish.  233 
 234 
Attitudes towards Vegetables Nudging 235 
This was evaluated through a set of questions regarding 10 hypothetical scenarios for vegetables 236 
consumption in a school setting so the respondents were able to relate to the concepts of food choice behaviour 237 
change interventions [25]. So the mean score of the scale was calculated, by summing the individual item 238 
scores measured on a 5-point Likert scale (ranging from strongly disagree to strongly agree). These concepts 239 
and scenarios formed the attitudes towards nudging for vegetables consumption scale.  240 
According to the” Theory of Planned Behaviour” [26], attitudes towards a given subject are mediators 241 
of intentions and behaviours. Therefore, attitudes towards nudging in relation to the consumption of vegetables 242 
can indicate if the participants are more or less sensitive to small interventions made by foodservice providers 243 
to increase vegetables consumption.  244 
 245 
Food Choice Questionnaire (FCQ) 246 
This scale is a multidimensional tool that measures motives related to food choice [27]. Thus, it helps 247 
us to understand the reasons people choose their food.  Participants were asked to endorse the statement ‘‘it is 248 
important to me that the food I eat on a typical day...’’ for each of the 24 items by choosing between four 249 
responses: not at all important, a little important, moderately important and very important, scored 1 to 4. This 250 
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scale is formed by 8 dimensions: sensory (questions 1, 5 and 24 of the scale); natural (questions 4, 9 and 14); 251 
mood (questions 12, 15, 19 and 20); health (questions 2, 13, 18 and 22); price (questions 10 and 23); weight 252 
(questions 6,11 and 21); familiarity (questions 7 and 17) and convenience (questions 3, 8 and 16).  253 
 254 
Human Values Scale 255 
This is a very well-established measure developed by Schwartz, 2003 [28]. A 21-point scale ranges from 256 
“very much like me” to “not like me at all” and it is formed by 10 human values: self-direction, power, 257 
universalism, achievement, security, stimulation, conformity, tradition, hedonism and benevolence. All items 258 
measuring values were centred on the participant’s mean rating across all values completed as recommended 259 
by Schwartz, 2009 [29]; centring involves subtracting the participant’s overall mean score of values from each 260 
of the individual value. The Human Values contributes to the individual food choice.  261 
 262 
Social Norms and Self-estimated health 263 
Nørnberg et al. 2016 [30] applied these scales in a previous study. They were both included in question 264 
10 of the VeggiEAT questionnaire. The factor ‘Social norms’, was assessed with three statements: my friends 265 
eat vegetables every day; my mom and dad eat vegetables every day; my parents encourage me to eat 266 
vegetables every day. To measure self-estimated health, respondents were asked to assess whether they think 267 
they are healthier compared to others their age; eat healthier than others their age; would like to lose weight, 268 
and eat more vegetables than most people at their age. The mean score of each scale was calculated by summing 269 
the individual item scores measured on a 5-point Likert scale (ranging from strongly disagree to strongly 270 
agree). Food choice is strongly affected by people sharing the same social context, such as family and friends 271 
[31]. Thus, being part of a social context where family and friends eat vegetables increases the likelihood of 272 
choosing vegetable-based dishes, as well of being concerned about health issues.  273 
 274 
Country 275 
This variable refers to the country of residence of the participant, represented by: 1= United Kingdom; 276 
2= Denmark; 3= France and 4= Italy. Among the factors that influence the food choice, country of residence 277 
can be highlighted once the cultural environment (i.e. cultural and sub-cultural norms) has been attributed as 278 
an important element in consumer’s food choices since it describes the types of food that are eaten and they 279 
can vary from place to place [32]. 280 
 281 
Group  282 
This variable indicates if the participant belongs to: 1=intervention (nudging) group or; 2= control group. 283 
The inclusion of this variable accounts for the possible effect of the nudge in the choice of the dish.  284 
 285 
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 286 
Gender 287 
Represented by 1= male, 2= female. This variable can influence food choice since previous studies 288 
showed that girls and women consume larger amounts of fruit and vegetables than do boys and men [33,34]. 289 
 290 
Dependent variable (outcome) 291 
Number of vegetable-based dishes (Veggie ball) chosen in quantities.  292 
 293 
Statistical Analyses  294 
Firstly, a Pearson’s chi-square test was used to check if there was any difference in the choice of dish 295 
between control and intervention groups. If no differences were found in any countries, the variable choice of 296 
dish would be recoded as vegetable-based dish (VeggiEAT dish) and animal-based dish (meatballs +fish 297 
cakes), since the purpose of the paper is to detect the determinants of the choice of vegetable-based dish. 298 
Descriptive statistics for all the scales and dimensions used in this study were calculated and they were 299 
compared using One-way ANOVA test to check if there were mean differences between each country.  300 
 Then, univariate binary logistic regression models were run for each dimension of Food Choice 301 
Questionnaire and Human Values scale to detect which dimensions were statically significant in relation to the 302 
choice of vegetable-based dish. Then, multivariate logistic regression was run using the backward stepwise 303 
selection with those dimensions detected previously in addition to other variables such as gender; attitudes 304 
towards vegetable nudging; Mediterranean score; food neophobia score; country and group in order to obtain 305 
a model that better explains the choice of vegetable-based dish. The correlations between the candidate 306 
variables to be included in multivariate logistic regression model were tested to avoid multicollinearity. 307 
Finally, we calculated the maximum number of independent variables to be included in a model according to 308 
the sample size and the proportion of positive cases (percentage of people who chose the vegetable-based dish 309 
in this case) according to Peduzzi et al, 1996 [35].   A p value of <0.05 was used to define statistical 310 
significance. All analyses were run in SPSS 22.0.  311 
 312 
RESULTS 313 
  314 
 The socio-demographic characteristics of the sample (360 adolescents) are found in Table 1. In most 315 
countries, prevalence of males and females in the sample was around 50%, except in Italy where the prevalence 316 
of the male adolescents was slightly higher (60%). Mean age also varied, however it was within the range 317 
allowed for the sample (12-19 years old). In relation to frequency of eating out, in Denmark, Italy and the 318 
United Kingdom, more than 80% of the adolescents reported to have their meals outside home up to 2 times a 319 
week. In France, adolescents reported to have their meals outside home more frequently – 44.3% reported 320 
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eating out from 3-4 days a week up to everyday. A similar scenario was found for eating in the school canteen. 321 
There were no differences for those variables between control and intervention groups for all countries (data 322 
not shown).  323 
No differences in the choice of the dish between control and intervention groups were found (Table 2). 324 
Hence, the dishes were recoded as “meat-based dish” (meatballs + fish cakes) and “vegetable-based dish” 325 
(Veggie balls), for the next analyses, aiming to measure the influence of the food choice predictors on the 326 
choice of the vegetable-based dish. 327 
Mean and confidence intervals (CI) for each scale or dimensions per country are seen in Table 3. In 328 
general, there were no differences between the countries, some exceptions were detected through one-way 329 
ANOVA test, such as self-estimated health (p=0.02); for the Food Choice Questionnaire (FCQ) price 330 
dimension (p=0.001); weight dimension (p=0.001); familiarity dimension (p=0.01) and sensory dimension 331 
(p=0.03). For the Human Values scale, differences were detected for hedonism dimension (p=0.001); 332 
achievement dimension (p=0.007); power dimension (p=0.006) and security dimension (p=0.01). 333 
 Table 4 presents the results of the univariate logistic regression analysis regarding the association 334 
between each dimension of food choice questionnaire and Human Values scale with the choice of vegetable-335 
based dish. Natural, health and weight dimensions of food choice questionnaire were found to be significantly 336 
related with choice of vegetable-based dish. For those dimensions, scores were positively associated with the 337 
choice of the vegetable-based dish, and an increase of 1 unit in natural, health and weight dimensions of the 338 
Food Choice Questionnaire leads to a 271%, 330% and 164% higher likelihood to choose the vegetable-based 339 
dish respectively. For the Human Values scale, the power dimension score was negatively associated with the 340 
choice of vegetable-based dish, and an increase of 1 unit in this dimension leads to a 26% lower likelihood in 341 
the choice of the vegetable-based dish.  342 
 All of the candidate independent variables to be included in the multivariate logistic regression model 343 
(Adherence to Mediterranean Diet: Food Neophobia; Attitudes Towards Vegetables Nudging: Food Choice 344 
Questionnaire; Humans Values Scale; Social Norms and Self-Estimated Health; Gender; Group; Country) 345 
were checked for multicollinearity through Spearman´s correlations because they were not normally 346 
distributed (data not shown). All the variables either did not present correlation or present negligible correlation 347 
(correlation coefficient lower than 0.3), showing that they can be used in the same model.   348 
Table 5 shows the result from the multivariate logistic regression using the backward stepwise selection. 349 
Our multivariate logistic regression model retained 5 variables. An increase of 1 unit in the natural dimension 350 
of the Food Choice Questionnaire, Social norms and attitudes towards vegetables nudging scale leads to a 351 
94%, 16% and 5% higher likelihood in choosing the vegetable-based dish respectively. Male adolescents were 352 
57% less likely to choose the vegetable-based dish.  As we had a final sample size of 360 adolescents, 353 
maximum of six independent variables were allowed for inclusion in the model. As our final model presented 354 
four independent variables, the model is adequate and not over fitted.  355 
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 356 
DISCUSSION  357 
 358 
 This study is unique and adds to the body of knowledge in this field as it considers the potential 359 
determinants of food choice to investigate the selection of a vegetable-based dish by European adolescents in 360 
a real foodservice setting. The results showed that the nudging strategy tested (vegetable-based dish presented 361 
as “dish of the day”) was not enough to increase choice of the vegetable-based option among adolescents for 362 
any country tested. However, our analysis revealed that the natural dimension, social norms and attitudes 363 
towards vegetables nudging were positively associated with the choice of the vegetable-based dish. 364 
Conversely, being male was negatively associated with making a vegetable-based dish choice. 365 
 In this study, the positive predictors for the choice of the vegetable-based dish during the experiment 366 
were natural dimension, social norms and attitudes towards nudging.  According to the Euromonitor Global 367 
Consumer Trends Survey, 2016 [36], fifty-five percent of respondents look for natural features when 368 
buying products.  “Natural” labels are especially important to consumers when they are choosing the type 369 
of food to buy. This interest has remained steady (and high) over the past five years; nearly half of global 370 
respondents indicated an interest in natural foods in 2013, 2015, and 2016. Adolescents surrounded by 371 
family and friends that eat vegetables were more likely to choose the vegetable-based dish, highlighting the 372 
importance of social norms for the initiation and maintenance of a variety of behaviours [37, 38]. The influence 373 
of peers and friends on youth’s eating is crucial, because adolescents need to feel approved and liked by the 374 
social group they belong. In this experiment, when adolescents were asked to choose between the dishes in 375 
both control and intervention situation, they were surrounded by other adolescents, and the choice of one could 376 
have influenced the choice of others, as seen in previous studies [39].  Finally, a higher score in attitudes 377 
towards vegetables nudging scale was associated with a higher likelihood of choosing the vegetable-based 378 
dish. Thus, participants that chose the vegetable-based option were more open and positive in relation to nudge 379 
strategies than those who selected the meat-based dishes.  380 
 Conversely, being male was negatively associated with the choice of the vegetable-based dish. Based 381 
on the literature, it was found that women have a higher consumption of fruits and vegetables than men [33-382 
34, 40]. Thus, it was expected that female adolescents would have higher probability of choosing the vegetable-383 
based dish. The intake of fruits and vegetables is generally low by men because often they give more 384 
importance to eat meat, since there is a solid relationship between perceived masculinity and meat 385 
consumption [41].  386 
 Food choices may be influenced by many cues in a food environment. However, many choices in 387 
settings such as canteens are relatively low involvement choices, i.e. consumers do not actively process 388 
available information about choice alternatives [42]. Therefore, using choice architecture to reshape the setting 389 
in which consumers take their meals has been increasingly pointed as a good strategy towards healthier choices, 390 
13 
as it can be simple, easy to implement and inexpensive, maintaining the freedom of choices [43]. A previous 391 
review analysing the effects of the few choice architectural nudge interventions that aimed to promote 392 
vegetable intake among adolescents in a school setting found inconclusive results [17]. In the present study, 393 
the use of the nudging “dish of the day” was not sufficient to encourage the adolescents to choose the promoted 394 
dish.  395 
 The inefficacy of the strategy tested might be explained due to the fact of the vegetable-based dish is a 396 
new dish when compared to the other options. The most popular alternative in this study – the meatballs served 397 
with pasta and tomato sauce – is a very popular dish, and hence may have made the participants more 398 
comfortable in choosing this option and less prone to try the Veggie balls. Additionally, the adolescents’ 399 
preference for the meatballs can be connected to their usual dietary pattern of relatively high intake of fat (total 400 
and saturated) and sodium, and low intake of polyunsaturated fats, vitamins and minerals [44] and a vegetable-401 
based dish presents the opposite profile of nutrients, which can be less attractive to them. Other factors may 402 
also play a role, such as how filling or satisfying the food is or that food can focus social interactions [45]. 403 
 The limited available evidence suggests that a combination of different nudges might be more effective 404 
for embedded healthier eating in the food choice environment [44]. A study in Denmark found that a choice 405 
architecture approach could increase intake of healthy items and decrease consumption of other meal 406 
components among male university students through combining the order of placement in a buffet and 407 
separating the fruits and vegetables [15]. A review that investigated the effect of positional changes of food 408 
placement on food choice has identified that manipulation of food product order or proximity can influence 409 
participants towards a healthier food choice [14]. Moreover, a recent meta-analysis has shown that nudging 410 
interventions that aim to increase fruit and/or vegetable choice generally have a moderately significant effect, 411 
the largest effects being from altering placement and from combined nudges [16].  412 
 The emphasis of studies focusing on the health behaviour of adolescents is actually primarily on 413 
smoking, drinking and physical activity, and second on whole grain and fruit and vegetable intake [17]. 414 
However, the available evidence demonstrates that female adolescents tend to have healthier food behaviour 415 
than male adolescents, by either eating less fast food [46], or having more meals in a family environment [45]. 416 
In fact, there are a range of factors thought to influence people’s dietary choices, including health, cost, 417 
convenience and taste [29].    418 
 Despite the important findings from this study, some limitations must be noted. Although United 419 
Kingdom, Denmark and Italy had less respondents than required for the choice of the dish detection (84, 84 420 
and 85 adolescents respectively), their sample sizes represent around 96% of the ideal sample size, which does 421 
not seem to compromise our results at all. Secondly, the intervention offered as competitive dishes two very 422 
popular options, which may have weakened the power of the nudging tested.  Finally, adolescents were 423 
recruited from different environments (schools in Denmark, culinary school in France, secondary school 424 
in Italy and college in United Kingdom) which could have an impact in the results of the study. 425 
14 
  Although there is a recognised need at the European level to promote consumption of vegetables as a 426 
public health issue, especially for adolescents, the potential for doing this through school foodservice 427 
operations has not been previously identified. Considering the findings from this study, further investigation 428 
should target adolescents in their social groups, specifically males, in order to test if they would be more 429 
susceptible to the effects of combined nudging strategies or whether other interventions could increase their 430 
consumption of vegetarian dishes. Finally, testing conditions within a larger sample would permit the 431 
development of a structural equation modelling about factors related to the choice of vegetable-based dishes 432 
in a real foodservice setting.  433 
 434 
Conclusions 435 
 Our results showed that the “dish of the day” nudge strategy did not work for this sample of 436 
European adolescents under the study conditions. Factors such as greater appreciation given to natural foods 437 
(without additives and artificial ingredients); belonging to a social group that consume vegetables and being 438 
more open towards nudging strategies that promote vegetables intake were positively associated with the 439 
choice of the vegetable-based dish. Conversely, being male was negatively associated with making a 440 
vegetable-based dish choice. 441 
Our findings can be used as important tools to support the development and implementation of public 442 
policy interventions aiming to increase the consumption of vegetables and decrease the intake of meat among 443 
adolescents.  444 
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                    Figure 1: How the dishes were presented in Control and Intervention groups 591 
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Table 1: Socio-demographic characteristics of adolescents by country 611 
 
Denmark 
(n=84) 
France 
(n=107) 
Italy         
(n=85) 
UK        
(n=84) 
Sex (% female) 48.8 48.7 40.0 45.7 
Age (years)     
Mean (Standard Deviation) 14.8 (0.85) 17.1 (1.17) 15.4 (0.87) 17.1 (0.96) 
Range 13-17 16-19 14-16 16-19 
Frequency of eating out            
(not considering school canteen) 
(%) 
    
Never 9.8 3.5 12.0 11.0 
Once a week or less 58.5 37.2 56.0 53.0 
2-days a week 23.2 15.0 24.0 21.0 
3-4 days a week 2.4 20.4 8.0 10.0 
Everyday 6.1 23.9 0.0  5.0 
Frequency of eating in canteen 
(%) 
    
Never 33.0 27.4 59.5 26.0 
Once a week or less 22.0 11.5 38.1 37.0 
2-days a week 11.0 13.3 1.2 16.0 
3-4 days a week 16.0 25.7 1.2 16.0 
Everyday 18.0 22.1 0.0   5.0 
 612 
 613 
 614 
 615 
 616 
 617 
 618 
 619 
 620 
 621 
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Table 2: Proportional comparison with (%) of choice of dish between intervention and control groups in 622 
adolescents by country 623 
Country Choice of Dish Intervention Control P value 
 Meat balls 28 (77.8) 34 (72.0)  
Denmark (n=84) Veggie balls 4 (11.0) 7 (15.0) 0.80 
 Fish cakes 5 (11.2) 6 (13.0)  
     
France (n=107) Meat balls 44 (73.4) 41 (77.4)  
 Veggie balls 8 (13.3) 5 (9.4) 0.80 
 Fish cakes 8 (13.3) 7 (13.2)  
     
Italy (n=85) Meat balls 28 (66.7) 26 (62.0)  
 Veggie balls 8 (19.0) 7(17.0) 0.69 
 Fish cakes 6 (14.3) 9 (21.0)  
     
UK (n=84) Meat balls 21 (50.0) 22 (56.5)  
 Veggie balls 8 (19.0) 4 (10.2) 0.53 
 Fish cakes 13 (31.0) 13 (33.3)  
*Statistically significant at p<0.05 (Pearson’s Chi-square). 624 
 625 
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 629 
 630 
 631 
 632 
 633 
 634 
 635 
 636 
 637 
 638 
 639 
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Table 3: Means and CI for scales and dimensions used in the study 640 
Variables 
(mean and CI) 
Denmark (n=84) France (n=107) Italy (n=85) UK (n=84) 
     
Attitudes towards nudging 26.9 (25.0; 28.8) 27.8 (26.7; 28.8) 27.8 (26.5;28.9 ) 29.5 (28.0; 31.7) 
Food Neophobia  39.8 (38.6; 41.1) 40.6 (39.6; 41.7) 38.4 (36.8;39.9) 40.0 (38.5; 41.8) 
Adherence to Mediterranean diet 6.7 (6.5; 7.1) 6.8 (6.4; 7.2) 6.8 (6.4; 7.1) 6.8 (6.5; 7.3) 
Social Norms 10.9 (10.6; 11.6) 10.5 (10.0; 10.9) 9.6 (9.1; 10.1) 10.2 (9.7; 10.8) 
Self-estimated health 12.2 (11.8; 12.9) 11.9 (11.4; 12.4) 11.1 (10.6; 11.6) 12.3 (11.9; 13.0) 
     
Food Choice Questionnaire 
Dimensions 
 
     
Health 2.8 (2.6; 2.9) 2.7 (2.6; 2.8) 2.7 (2.6; 2.8) 2.8 (2.7; 2.9) 
Mood 2.6 (2.5; 2.7) 2.5 (2.4; 2.6) 2.7 (2.6; 2.9) 2.7 (2.6; 2.8) 
Sensory  3.1 (3.0; 3.2) 3.1 (3.0; 3.2) 2.9 (2.7; 3.1) 3.2 (3.1; 3.3) 
Convenience 2.4 (2.6; 2.8) 2.5 (2.4; 2.6) 2.7 (2.5; 2.8) 2.4 (2.2; 2.6) 
Natural 2.5 (2.3; 2.6) 2.4 (2.3; 2.6) 2.7 (2.5; 2.9) 2.5 (2.3; 2.7) 
Price 2.3 (2.2; 2.5) 2.5 (2.3; 2.6) 2.6 (2.4; 2.8) 2.8 (2.6; 2.9) 
Weight 2.1 (2.0; 2.3) 2.0 (1.8; 2.1) 2.7 (2.6; 2.9) 2.3 (2.1; 2.5) 
Familiarity 2.0 (1.8; 2.1) 1.9 (1.7; 2.0) 2.4 (2.2; 2.6) 2.2 (2.0; 2.4) 
     
Human Values 
Dimensions 
 
     
Conformity 3.2 (3.0; 3.5) 3.6 (3.4; 3.8) 3.5 (3.2; 3.7) 3.6 (3.1; 3.7) 
Tradition 3.1 (2.9; 3.3) 3.3 (3.1; 3.6) 3.0 (2.7; 3.2) 3.0 (2.8; 3.3) 
Benevolence 2.0 (1.8; 2.2) 2.0 (1.9; 2.2) 2.4 (2.1; 2.7) 2.1 (1.9; 2.4) 
Universalism 2.3 (2.1; 2.5) 2.5 (2.3; 2.7) 2.6 (2.4; 2.8) 2.4 (2.2; 2.6) 
Self -direction 2.4 (2.2; 2.6) 2.1 (1.9; 2.3) 2.2 (1.9; 2.4) 2.4 (2.2; 2.6) 
Stimulation 2.6 (2.3; 2.8) 2.3 (2.1; 2.5) 2.4 (2.1; 2.6) 2.4 (2.2; 2.6) 
Hedonism 2.4 (2.2; 2.6) 1.8 (1.6; 1.9) 2.8 (2.5; 3.1) 2.5 (2.2; 2.7) 
Achievement 2.8 (2.6; 3.0) 2.6 (2.4; 2.8) 3.0 (2.8; 3.3) 2.4 (2.2; 2.7) 
Power 3.6 (3.3; 3.8) 3.6 (3.3; 3.8) 4.0 (3.7; 4.2) 3.4 (3.2; 3.6) 
Security 4.2 (3.9; 4.4) 3.4 (3.2; 3.6) 4.1 (3.8; 4.3) 4.3 (4.0; 4.5) 
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Table 4: Odds ratios and 95% CI for univariate logistic regression using each dimension of Food Choice 650 
Questionnaire and of Human Values Scale associated with participants’ choice of vegetable-based dish for 651 
all 360 participants. 652 
Dimensions Estimate OR for vegetable-based 
dish 
95% CI P value 
     
Food Choice Questionnaire     
Convenience -0.23 0.78 (0.52; 1.17) 0.24 
Sensory -0.03 0.96 (0.59; 1.57) 0.88 
Natural 0.99 2.71 (1.78; 4.12)   0.01* 
Mood 0.16 1.18 (0.78; 1.78) 0.42 
Health 1.19 3.30 (1.90; 5.73)   0.01* 
Price 0.07 1.07 (0.74; 1.55)        0.82 
Weight 0.50 1.64 (1.14; 2.37)  0.01* 
Familiarity -0.04 0.95 (0.66; 1.38) 0.81 
     
Human Values Scale     
Security 0.17 1.18 (0.86; 1.62) 0.28 
Universalism 0.30 1.35 (0.89; 2.05) 0.15 
Power -0.30 0.74 (0.56: 0.97)    0.03* 
Hedonism -0.01 0.98 (0.96; 1.00) 0.17 
Achievement -0.01 0.98 (0.96; 1.01) 0.15 
Stimulation 0.08 1.08 (0.76; 1.55) 0.64 
Self-direction -0.13 0.87 (0.57; 1.33) 0.53 
Tradition -0.14 0.86 (0.61; 1.20) 0.39 
Conformity 0.05 1.05 (0.77: 1.44) 0.72 
Benevolence 0.09 1.10 (0.72; 1.66) 0.65 
*Statistically significant (P < 0.05); OR=odds ratios 653 
 654 
 655 
 656 
Table 5: Odds ratios and 95% CI in multivariate logistic regression model associated with participants’ 657 
choice of vegetable-based dish for all 360 participants.  658 
Variables Estimate OR for vegetable-based 
dish 
  95% CI  P value 
Natural dimension 0.66 1.94 (1.16; 3.23) 0.01 
Social Norms 0.16 1.16 (1.01; 1.34) 0.03 
Gender‡ -0.82 0.43 (0.22; 0.85) 0.02 
Attitudes towards nudging 0.06 1.05 (1.01; 1.10) 0.03 
‡ Reference category: Female; OR=odds ratio 659 
 660 
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